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Pesiome

Lenb uccnedoeaHus. B cmambe npedcmasnieHbi pesyibmamsl uccriedosaHusi cucmeMbl 8005THO20 OMOISIeHUsT Ha
OCHOBe CcmeHoBbIX briI0oKo8 C KanumnsapHeIMu mpybkamu. Oma mexHonoaus npedcmasnisiem coboli cucmemy, 8
KomopolU mernsoHocumesb (8o0a) UUpKyupyem 4epe3 MHOXeCcmeo KarnusispHbIX mpyboK, Komopble pagHOMEPHO
8cmpoeHbl 8 cmpoumeribHbie b7I0KU UMuU MaHenu cmeH U rnomorskos. Takue cucmeMbl YKe UCMHOMb3Ymcs He
mornbko 0ris1 oboepesa, HO u Ons oxnaxdeHus rnomewieHul, co30aHusi KOMGOPMHO20 MUKpoKnumMama. bbin
nposedeH aHanu3 uccnedosaHul NoAO6HbIX cucmem omorineHusi. OCHOBHOE MPeuMywecmao makux cucmem — ux
SHepzoahpekmusHocmb. KanunnspHele cucmembl MO2ym [0380/UMb CHU3UMb obwee nompebrieHue cucmem
OMOnJIEHUs U, COOMBEeMCMBEHHO, 3KCryamayuoHHble pacxodbl. OOHaKo Ha OaHHbIU MOMeHmM eHedpeHue U uc-
rnonb3osaHue br10Ko8 ¢ KanusnspHbiMu mpybkamu mpebyem dOononHumerbHbIX uccrnedogaHuli u pa3pabomox,
0cobeHHO 8 Yacmu yHugsepcasiu3ayuu mexHOMI02UYeCKUX peweHul, CHUXeHUU cmouMocmu Mamepuasnos u yrpo-
weHusi MoHmanka. [ns nosny4eHuss meopemuyeckux pesyibmamos bbina nocmpoeHa Modesib KanusispHoU cucme-
MbI, 8CmpoeHHol 8 cmeHy. Cucmema bbina pasdernieHa Ha HECKOMbKO CeKyul, 4mo OO/MKHO CHU3UMb romepu
OasneHus. lNposepeHa auriome3a O MOM, YMO KamnusisipHble cucmeMbl OMOINJIEHUSI 10380/1m obecrneyums
pasHoMepHoe pacrnipedesieHUe merna npu OMHOCUMesbHO HU3KOU memnepamype mernioHocumers. B pabome
npedcmasrieHbl pe3ynbmambl MEnIoe8o2o pacyema: epauK U3MEHEHUs memrepamypbl menioHocumerss npu
d8uxXeHUU o cucmeme, epapuk U3MeHeHusi OasrfieHusi 8 cucmeme, KapmuHbl U3MEHEeHUs memrepamypbl Ha
nosepxHocmu cmeHbl. [lpogedeH aHanu3 nosyYeHHbIX daHHbIX U cOenaHbl 8b1800bI 06 aghghbekmusHocmu U yerne-
coobpasHocmu ucronb308aHusi ModobHbix cucmem. [aHHass paboma moxem Obimb ucrionib3ogaHa Orisi dallb-
Heliweezo uccriedosaHuUsi cucmeM KarnussnspHo20 8005IHO20 OMOIIEHUS.

MemoOds.i. [Jns nocmpoeHusi modesniu cmeHogoeo brioka u rposedeHusi merioeo2o pacyema bbina ucronb3oeaHa
npoepamma SolidWorks u ecmpoeHHbIl uHecmpymeHm FlowSimulation.

Pesynbmamel. [lpogedeHHoe uccredosaHue o380Musio MnoayyYums 3agucuMocmu U3MEHeHUsT memnepamypbl U
0asreHus 8 KanusspHoU cucmeme, a makxe KapmuHbl USMEHEHUsSI meMrepamypbl Ha Mo8epxXHOCMU CMEHbI.
3akntoyeHue. Pe3ynbmambl uccrie0o8aHusi rokasaru, 4mo cucmema omorieHuUsi Ha OCHO8e KarnusisipHbIX mpy6ok
rnoseorisiem obecrie4umb PasHOMEPHbLIU Haspes Mo8ePXHOCMU CMeHbl, YMO 8 €800 04Yepedb 103807IUM PasHo-
MepHO npoepemb 8030yx 8 rnomeuwjeHuu. Takol pesynbmam Oocmuzaemcs npu HU3KoU memrnepamype menso-
Hocumess. Kpome moeo, npednoxeHHoe asmopamu pasdenieHue cucmembl Ha omoeribHble CeKuyuu rno3eosissem
CHU3UMb riomepu dasrieHus.
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Abstract

Purpose of reseach. The article presents the results of a study of a water heating system based on wall units with
capillary tubes. This technology is a system in which a heat carrier (water) circulates through multiple capillary tubes
that are uniformly embedded in building blocks or panels of walls and ceilings. Such systems are already used not
only for heating, but also for cooling rooms, creating a comfortable microclimate. An analysis of studies of similar
heating systems was carried out. The main advantage of such systems is their energy efficiency. Capillary systems
can reduce the overall consumption of heating systems and, consequently, operating costs. However, at the moment,
the introduction and use of units with capillary tubes requires additional research and development, especially in
terms of universalizing technological solutions, reducing the cost of materials and simplifying installation. To obtain
theoretical results, a model of a capillary system embedded in a wall was constructed. The system has been divided
into several sections, which should reduce pressure losses. The hypothesis that capillary heating systems can ensure
uniform heat distribution at a relatively low temperature of the coolant has been tested. The paper presents the
results of a thermal calculation: a graph of changes in the temperature of the coolant when moving through the
system, a graph of changes in pressure in the system, and patterns of temperature changes on the wall surface. The
analysis of the data obtained was carried out and conclusions were drawn about the effectiveness and expediency of
using such systems. This work can be used for further research of capillary water heating systems.

Methods. To build a wall block model and perform thermal calculations, the SolidWorks program and the built-in
FlowSimulation tool were used.

Results. The study made it possible to obtain the dependences of temperature and pressure changes in the capillary
system, as well as the pattern of temperature changes on the wall surface.

Conclusion. The results of the study showed that the heating system based on capillary tubes allows for uniform
heating of the wall surface, which in turn will allow for uniform heating of the indoor air. This result is achieved at a
low temperature of the coolant. In addition, the separation of the system into separate sections proposed by the
authors makes it possible to reduce pressure losses.

Keywords: wall unit; heating system; capillary tubes; heating; microclimate; energy efficiency; heat carrier.
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BBepgeHue

CoBpeMEHHOMY 4EJIOBEKYy JUIsi KadyecT-
BEHHOW JXKM3HU U PaboThl TpedyeTcss KOM-
(OPTHBII MUKPOKIMMAT B ToMerieHnu. Ha
JaHHBI MOMEHT OCHOBHBIM HHXCHEPHBIM
pemienneM B P® sBnsercda paauaTopHOE
oromnenne' [1-3]. Ho maHHBII BUI OTOM-
JICHUS MMEET DPsAJl HEIOCTAaTKOB, BKIIOYAs
HEpaBHOMEPHOE PaCIIPEe/ICNICHUE TeIlIa U Bbl-
COKHME OJKCIUTyaTallMOHHbIE pacxopl. Oue-
BU/IHA HEOOXOMMOCTh MHHOBALIMH B cepe
CTPOMTENILCTBA M CUCTEM OTOILIEHHS. B cBsI-
31 C 3TUM, OJHUM U3 MEPCHEKTUBHBIX
HalpaBlIeHUH B COBEPLICHCTBOBAHUM CH-
CT€M OTOIUICHUS SBIIIOTCS CHCTEMbl Ka-
NIWULIPHBIX TPYOOK [4, 5].

Kamumnsipaple MaThl yKe TpPUMEHs-
IOTCSL JUI OpraHu3alMi CUCTEMBbl OTOILIE-
HUS B pa3jiMYHBbIX NoMmelieHusx. Oreue-
CTBEHHbIE ABTOPBI IPOBOJAT HCCIIEAO0Ba-
HUs, HalpaBJeHHbIC Ha M3ydeHune 3¢ dek-
TUBHOCTH TPUMEHEHUS KalWJULIPHBIX CH-
CTEM BOJSHOro oTtorieHus [6-9]. Takue
CHCTEMBI YK€ NPHMEHSIOTCS 3a pyOexom

[10-14]. Kpome TOro, KanuusipHbIE CUCTE-
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MBI MOTYT OBITh HMCIIOJIb30BAHBI HE TOJILKO
st o0orpeBa, HO W ISl OXJIAXKACHUS TI0-
Memienuit [15-17]. CymiecTByroT MeTObl
pacdera Teruionepenayd KarwUISIPHBIX CH-
cteM BopsHoro ortoruieHus [18, 19]. Ho
JaHHBIA BUJ OTOIUICHHS TpeOyeT JOMOHH-
TEJLHBIX MCCIICOBAHMA, HAIPABJICHHBIX Ha
TOBBIINIEHHE €ro  dHeprodpeKTuBHOCTH.
Tarxke HeoOXxommuma pa3pabOTKa THUITOBBIX
peILleHn Ui CHMYKCHUSI CTOMMOCTH MOH-

Taxa 1 O6CJ'Iy)KI/IBaHI/I$I TaKUX CUCTECM.

MaTepMan bl U MeTOAbI

B cratbe paccmoTpen mporecc paboTsl
CTEHOBOTrO OJIOKa C KalWUIAPHBIMU TpPYyO-
KamMM, BbIOpaHa HauOosee paluOHaJIbHAS
KOHCTPYKIUSI CUCTEMBI KalWUISIPHBIX TPY-
00K U MapameTpbl TETUIOHOCUTEIIS.

OCHOBHBIE KOHCTPYKIIMH CYIIECTBY-
IOMIMX KaIMJUIIPHBIX CHCTEM OTOIUICHUS
npeAcTaBjeHbl Ha puc. 1.

B kauecTBe OCHOBBI /I CO3JAHUSI MO-
JIeN CHUCTEMbl KalWUIIPHbIX TPyOOK Oblia
BBIOpaHAa TepBasi M3 NPEJCTaBICHHBIX Ha
puc. 1. Mozenb no3BosieT Ha CTa UM MPO-
eKTUPOBAHUS TOJYYHTh TPEICTaBICHHE O
paboTe CUCTEMbI, BHECTH U3MEHEHUsSI B KOH-
CTPYKLMIO JJIsl TOJyYeHUS MaKCHUMAJIbHO

3 PEKTUBHOTO PELICHUSI.
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Puc. 1. TynoBble KOHCTPYKLUM CTEHOBbLIX BIOKOB C KanUMsipHbIMU TpyGKamu

Fig. 1. Typical designs of wall blocks with capillary tubes

B nmannoil paboTe Mozenb CTEHOBOTO
O6noka BemonHeHa B cpene SolidWorks.
I'paduky ¥ KapTUHBI HA TIOBEPXHOCTH CTE-
HBI OBUTH TIOJIyYCHBI C IOMOIIBIO BCTPOCH-
HOT'O BBIYHCIIUTEIIFHOTO HHCTpYMeHTa Flow
Simulation.

Pe3ynbTaTtbl U X 06CcyXaeHne

bblna mocTpoeHa MOJENb CUCTEMBI Ka-
NWUISIPHBIX TPYOOK, IMpeICTaBleHHAs Ha

puc. 2. JlanHasi cucTeMa COCTOMT U3 TSTH

CEeKUUH KanWUIAPOB, KaXAas U3 KOTOPBIX
BKJIFOYaeT B ce0st 30 KanWUIIpHBIX TPYOOK
IMHON 2 Merpa. PaccrosiHue mexnay Ka-
nuuisipamu — 15 mm. Cekiuu Mexay co-
0011 coenuHeHb! AByMS KoJulekTopamu. B
KauecTBE MaTepuana JaHHOW CHCTEMBI
BbIOpaH MOJUIPONHIIEH.

Buemnuii tnamMerp KanwUISpHBIX TPY-
0ok cocTaBisieT 4,3 MM, TOJIIIMHA CTCHOK —
0,8 MM. BHemmmii tnameTp KOJIJIEKTOPOB —

20 MM, TOJNIIIMHA CTEHOK — 2 MM.

e

Puc. 2. Cuctema kanunnsipHbix Tpyook

Fig. 2. Capillary tube system

e
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Janee ¢ momorpto uHCTpyMeHTa Flow
Simulation ©ObT TpPOU3BENEH TEIMIOBOI
pacyer NOJIy4YeHHOU cUCTEMBI. B KauecTBe
IPaHUYHBIX YCIOBHM s pacyera ObLIU
3aJaHbl CIeAYyIOIINeE:

— TeMIeparypa TeIUIoHocuTens (BO-
1el) Ha Bxoje: +35°C;

— 00BeMHBIN pacxoj TEMJIOHOCHUTEINS

(Bompl) Ha BXoge: 50 n/4;

— CTaTUYECKOE JaBJIECHUE HA BBIXOJE:
3 aTm.

PaccmoTpuM pe3ynbpTaThl pacyeToB.

Paz0Ouenne kKanmwuIsipHbIX TPyOOK Ha
CeKIMM JOJDKHO CHU3HUTH IMOTEPH JaBJie-
HUS B CUCTEME.

[TomyueHHast KOHCTpyKIHMs Oblia T0-
MelleHa B Mozenb crensl. Ha puc. 3 npen-

CTaBJIeHA TIOJTydeHHasi COOpKa B pa3pese.

Puc. 3. CteHoBon 650K C cucteMon kanunnsapHbIX Tpy6ok (paspes)

Fig. 3. Wall block with a capillary tube system (section)

Ha puc. 4-7 npencraBneHbl KapTUHBI HA
MOBEPXHOCTU CTEHbI (M30JMHHUH) HA Pa3HbIX
JTanax 3arnoJIHEHHs] CUCTEMBbI TEIUIOHOCHUTE-
JEM U €€ HarpeBa. Pe3yibTaTsl IOKa3bIBa-
0T, YTO CPEJHSS TEMIIEpPaTypa MOBEPXHOCTU
crenbl cocrapisier 27°C. PazHuna mexnay
HanboJiee 1 HauMEeHee HarpeThIMU 30HaMU
coctaBisger He Oonee 2°C. Ilomydennsie
pE3yNbTaThl NOATBEPKAAOT TE3UC O TOM,

4dTO KallWJULIPHBIC CHCTCMbI OTOINICHUA

MO3BOJISAIOT 00ECHEUNTh PABHOMEPHBIN Ha-
IPEB MMOBEPXHOCTH.

Ha puc. 8 u3zobpaxen rpapuk nzme-
HEHWS IaBJICHUS B CUCTEME.

Ha puc. 9 npencrasnen rpaguk u3me-
HEHHsI TEMIIepPaTyphl TETIOHOCUTENS TPU
JBIDKEHHU TI0 CHCTEME.

W3 rpaduka MOXHO clenaTh BBIBOJ,
4TO pasHHIAa TeMIEepPaTypbl TETIOHOCHUTE-
Js1 Ha BXOJE M BBIXOJIE COCTABISIET IPH-
MmepHo 2,5°C.
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Teunepartypa [Teepaoe Teno] ['C)

34.9779 °C
|

l 20.0172 °C

Min = 20,0172 °C Max = 34.9779 °C
Hrepayua = 30

Puc. 4. TemnepaTypa Ha NOBEPXHOCTU CTEHbI

Fig. 4. Temperature on the wall surface

Temnepatypa [Teepnoe Teno] [°C)

34.9843 °C
]

l 20.0274°C

Min = 20.0274'C Max = 349843 °C
Hrepauua = 60

Puc. 5. Temnepatypa Ha NOBEPXHOCTU CTEHbI

Fig. 5. Temperature on the wall surface
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TeMnepatypa [Teepnoe Teao] ['C)

. 34.9862 °C

20.0704°C

=

Min = 20.0704°C Max = 34.9862 °C
Hrepayus = 90

Puc. 6. Temneparypa Ha NOBEPXHOCTU CTEHbI

Fig. 6. Temperature on the wall surface

Temnepatypa [TBEpnoe Teao] ['C)

. 35.1673°C

21.5394°C

Min = 21.5394°C Max = 35.1673°C
Hrepayua = 150

Puc. 7. Temnepatypa Ha NOBEPXHOCTU CTEHbI

Fig. 7. Temperature on the wall surface
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Puc. 8. Npadhuk nameHeHns gaeneHms

Fig. 8 Pressure change graph
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TemunepaTtypa (Teky4uasi cpeaa) [°C]
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Jamasa [m]

Puc. 9. Npacuvk nsameHeHnsa TemnepaTypbl

Fig. 9. Temperature change graph

HBIMH TpyOKaMu 1 MPOU3BE/IEH ee TeIIOBOH

BbiBogbl
pacuer.
B xozne ncenenosanus Obuia pazpabo- Pe3y/bTaThl MOATBEPAKNAIOT TE3HC O
TaHa MOJECJIb CTCHOBOI'O 0110Ka ¢ Kalmuip- TOM, YTO HOJIO6HBIC KOHCTPYKLMU I103BO-
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JSIFOT CO3/1aBaTh HU3KOTEMIIEpATypPHBIC CH-
creMbl oToruieHus. OOecreunBaeTcs paBs-
HOMEPHBI TPOTPEB MMOBEPXHOCTH, B KOTO-
PYIO BCTPOCHBI KalWUIAPHBIC TPYOKH, YTO

MO3BOJISIET CO37]aBaTh KOM(OPTHBIN TETLIO-

BOM OaJlaHC B MOMELIEHUU U 00Jiee TOYHO
peryaupoBaTh TEMIIEpaTypy.

JIaHHBIA BHUJ CHCTEM OTOIUICHUS SIB-
JISIETCSl TIEPCTIIEKTUBHBIM M TpeOyeT Naib-

HEUIINX WCCIEIOBAaHUN IS ITOBEIIICHUS

ero 3¢ (heKTUBHOCTH.
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